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I ,  ABSTRACP/SUMMARY 

This report describes the evaluation o f  a new type of airborne 

temperature and humidity sensor. This sensor, which u t i l i zes  a new 

method to  detect moisture a t  a molecular leve l ,  has a 300 millisecond 

response and typical accuracy of 22% RH.  The temperature i s  measured 

with a calibrated thermistor and has a typical accuracy of '0.30~. 

The sensor ins ta l la t ion  on the a i r c r a f t  i s  discussed and a 

practical evaluation t e s t  i s  reviewed. In addition to  the de ta i l s  of 

t h i s  sensor tes t ing ,  other types of a i r c ra f t  temperature and humidity 

sensors are discussed. 

The test ing indicates that  the blade/sensor i s  not speed dependent 

i n  e i the r  the humidity or  temperature parameter when the blade i s  mounted 

on a probe a t  the forward portion of the a i r c r a f t ;  however, when the 

blade i s  mounted beneath the a i r c r a f t ,  against the a i r c r a f t  surface,  some 

speed dependency i s  detected in the humidity measurement. 

I I .  BACKGROUND 

The Earth Resources Laboratory (ERL) has a requirement to make 

temperature and humidity measurements from an a i r c r a f t  t o  support i t s  

remote sensing programs. An evaluation study was effected, the ob- 

jectives which were to: 

1. Review the methods of measuring temperature and humidity 

from a i r c r a f t .  

2 .  Select the sensor system best suited to ERL's programs, 

3.  Evaluate the sensor i n  a laboratory, 

4.  Evaluate the sensor on an a i r c ra f t .  



A. General Methods for  Making Airborne Air Temperature and 

Humidity Measurements 

1. Sensor Housings 

Measuring the t rue a i r  temperature or humidity outside of an 

a i r c r a f t  requires a device t o  shield the sensor from the d i rec t  

airstream, while avoiding stagnated a i r  or areas of turbulence 

caused by the a i r c ra f t .  This aerodynamic problem i s  minimized 

by the selection and proper mounting of a well-designed sensor 

housing. One type of sensor housing i s  an aerodynamically de- 

signed blade or  probe. The properly designed blade systems should 

simulate a nonmoving a i r  environment, b u t  in r ea l i ty  they are 

velocity dependent, some more so than others. 

Some detector systems require an external airscoop to  duct 

the ambient outside a i r  into a measurement chamber inside the 

a i r c ra f t .  This i s  rarely the f i r s t  choice of systems for  jus t  a 

temperature or  humidity measurement because of the cooling or 

heating ef fec ts  of the apparatus on the a i r  parameters to  be 

measured. 

2. Temperature Sensors 

The generally accepted a i r c r a f t  temperature sensor i s  a 

platinum resistance wire mounted in a probe. The s t a b i l i t y  and 

repeatabi l i ty  of platinum wire probes when used i n  a bridge 

c i r c u i t  are very accurate and re l iab le .  

Thermistors are  a l s o  used in probe systems b u t  the expense of 

a complete temperature system; i , e , ,  a i r c r a f t  probe, signal  

conditioning electronics ,  operator control panel, a i r c r a f t  wiring 



and modifications, e t c , ,  usually jus t i f ied  the more expensive 

platinum element. While platinurr resistance calibrations are  

standardized in temperature vs. resis tance,  each thermistor must 

be laboratory calibrated. 

3. Humidity Sensors 

There are a number of instruments used to  specify atmospheric 

moisture, the four most popular are:  

a. Wetidry bulb temperature indicators 

b. Dew point indicators 

c. Relative humidity hygristors 

d. Water molecule detectors 

a. Wet/dry bulb (psychrometry) i s  the best known and simplest 

measuring method involving a dry a i r  temperature sensor and 

another s imilar  sensor, b u t  in a wetted condition. This wet/ 

dry temperature measurement can yield re la t ive  humidity or 

dew point, b u t  i t  has the disadvantage of requiring a 

constantly, evenly wetted detector in an a i r c ra f t .  This 

necessitates water reservoirs ,  wicks, and a controlled a i r  

flow across the wet and dry sensors. These devices are  very 

slow in response and are  be t te r  used for  laboratory chamber 

monitoring or  stationary atmospheric measurements where a 

nominal one-minute system response would be acceptable. 

b. A dew point indicator i s  a device which measures the tempera- 

ture  t o  which a gas must be cooled a t  constant pressure to  

produce saturat ion,  Dew p o i n t  temperatures can be  converted 

t o  vapor pressure units or water vapor content in parts-per- 



million. Most dew point systems detect l i gh t  reflected 

from a mirrored surface. When the mirrored surface i s  

e lectronical ly  cooled and moisture develops on the surface, 

the detected, reflected l igh t  decreases. Heating the mirror 

evaporates the moisture so the mirror i s  clean (dry) for  

another measurement. A signal proportional t o  the detected 

l igh t  i s  used t o  regulate the temperature of the mirror so 
. 

the cycle may be repeated. The mirror temperature i s  

monitored and provides the dew point measurements. Electronics 

regulate the lamp and detector currents,  as variations in 

these would af fec t  the apparent dew point temperature. This 

system's re la t ive ly  slow response hinders the sharp defini t ion 

of humid geographical areas often needed for  coastal studies.  

The a i r  flow over the mirrored surface must be extracted from 

the outside a i r  and ducted to  the instrument without in- 

fluencing the a i r ' s  temperature or  pressure. The mirror surface 

should be clean a t  a l l  times, or allowances must be made in 

the instrument. Even with these apparent drawbacks, the dew 

point indicator has been a popular airborne sensor system. 

c. The re la t ive  humidity hygristor i s  another humidity system 

tha t  has been widely used. These probes are sometimes mounted 

in external blades and operate we11 providing the blades are 

not very velocity dependent and receive and conduct no so lar  

heating t o  the probe, The sensor must be protected from the  

s a l t  a i r  c o n d i t i o n s  experienced when f lown ion over s a l t  water 

or  operated from coastal a i rpor t s  when there i s  high sal ine dew. 
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These sensors have response t imes o f  a Pew seconds and 

r e q u i r e  occasional probe c lean ing  o r  rep1 acement and r e -  

c a l  i b r a t i o n .  

d. Water Molecule Detectors - A new type o f  humid i ty  sensor, 

which de tec ts  mois tu re  a t  a  molecular  l e v e l ,  has been r e c e n t l y  

developed. This  design overcomes most o f  t he  de fec ts  o r  l i m i -  

t a t i o n s  o f  the  o the r  systems. Because the  response i s  f a s t ,  the  

quoted accuracy acceptable, the  c o s t  reasonable, and t h e  

d e t e c t o r ' s  opera t ion  n o t  a1 t e r e d  by s a l  t environments, t h i s  

molecular  de tec t i on  systeml was chosen by the  ERL f o r  t e s t s  

and eva lua t i on  and t o  be incorpora ted  i n t o  an opera t iona l  

a i r c r a f t  system. 

111. SYSTEM DESCRIPTION 

A. Sensor Physics 

The ope ra t i on  o f  t h i s  sensor does n o t  r e q u i r e  t h a t  t he re  be 

ac tua l  d r o p l e t s  o f  moisture formed on a  sur face o r  i n  a  m a t e r i a l .  

This  d e t e c t o r  r e l i e s  on the  presence o f  water  molecules w i t h i n  the  

d e t e c t o r ' s  s t r u c t u r e .  The sensing element, c a l l  ed a  Brady Array, 

i s  0.25 mm (0.009 in . )  i n  diameter and 2.54 mm (0.01 i n . )  long and 

forms an a r ray  o f  c r y s t a l s  and i n t e r n a l  voids. Water molecules can 

move f r e e l y  through the  a r r a y  s t r u c t u r e .  The de tec t i on  process o f  

t h e  sensor requ i res  t h a t  the  a r r a y  be e x t e r n a l l y  e x c i t e d  t o  v i b r a t e  

a t  a frequency which i s  a sub-mul t ip le  o f  t h a t  o f  the  water molecule. 

l lh is  system i s  manufactured by the  Thunder S c i e n t i f i c  Corporat ion,  
Albuquerque, N. M. 



As water molecules i n t e r c e p t  and penetrate the internal vo ids  sf the 

excited array, the s t ructure begins t o  conduct, When the arnbient 

nloisture content decreases, the array reacts immediably causing the 

water molecules a1 ready present in the s t ructure to  be forced out of 

the s t ructure resul t ing in a very low detection response time. 

B. Specifications 

This detector,  which i s  mounted in a vented TO-5 t rans is tor  case 

in an a i r c r a f t  blade system, has a response of 300 millisecond and a 

manufacturer's quoted accuracy of f2% RH (see Table 1 Appendix). This 

rapid response i s  possible because the sensor r e l i e s  on the molecular 

level of detection and does not require tha t  actual condensation be 

present, In addition, since i t  does not require droplets or vapors 

to  form a t  the detector,  the recovery time does not involve an 

evaporation period. 

A thermistor was selected by the manufacturer as the temperature 

sensor for  t h i s  system because i t  could be instal led in the t rans is tor  

case with the Brady Array and in th i s  way the temperature and humidity 

sensor would share a common blade, wiring, and t o  some extent,  common 

electronics.  The quoted accuracy of the calibrated thermistor i s  

t.50~. This accuracy was acceptable for  ERL's programs and the 

convenience and cost saving factors of a combined temperature and 

hurni di ty  sys tem were appreciated. 

The complete sys tem consi s t s  of the ai r c ra f t  bl ade2, temperature 

P ~ h i s  blade was or ig ina l ly  constructed o f  a1 uminum and plated w i t h  
gold.  After a  year o f  flying f r o m  a clean a s p h a l t  a i rpor t ,  t he  blade 
became eroded and discolored, A new b l a d e  was made from s ta in less  s t e e l ,  
The new blade was made s l i g h t l y  higher t o  get the sensor far ther  from 
the a i r c r a f t  s k i n .  Except for  the h e i g h t ,  mater ja l  , and c o a t i n g ,  the 
old and new blades are  identical.  Since reporting th i s  problem t o  Thunder 
Sc ient i f ic  t h e i r  blades are now fabricated from s ta in less  s t ee l .  



and humid i ty  de tec tor ,  humid i t y  e x c i t a t i o n  oscill ador, and s igna l  

c o n d i t i o n i n g  module (see Figures 1 ,  2, 3 ,  and 4 Appendix), The 

s i  gna; c o n d i t i o n i n g  e l e c t r o n i c s  was incorpora ted  i n t o  a  c e n t r a l  

c o n t r o l  panel t o  d i s p l a y  humid i ty  and temperature on a  meter and 

prov ide  s c a l i n g  e l e c t r o n i c s  f o r  a  0  t o  5 VDC ou tpu t  from the  

temperature and humid i t y  channel s. The re1  a t i v e  humid i ty  meter 

has th ree  ranges ; 0 t o  10% RH, 0 t o  50%, and 0  t o  100% RH. The 

i n p u t  power i s  28 VDC. 

I V .  SYSTEM INSTALLATION 

The b lade has been i n s t a l l e d  on two d i f f e r e n t  twin-engine Beech 

a i r c r a f t .  On the  f i r s t  a i r c r a f t  the  b lade was i n s t a l  l e d  on the  lower,  

forward p a r t  o f  the  fuse1 age (see F igure  5  f o r  l o c a t i o n ) .  To avo id  

i r r e v e r s i b l y  mod i f y ing  t h i s  a i r c r a f t ,  a  rep1 aceable i nspec t i on  door 

was used as the  mounting sur face.  The more des i rab le  mounting l o c a t i o n  

and p o s i t i o n  was used on the  second and present  a i r c r a f t  (see F igure  5 ) .  

Th is  c o n f i g u r a t i o n  has the  b lade extended from the  nose o f  the  a i r c r a f t  

t o  i n s u r e  t h a t  the  b lade i s  i n  free-moving non- tu rbu len t  a i r .  When the 

d e t e c t o r  i s  mounted i n  the boundary l a y e r  o f  t he  a i r c r a f t ,  t he  sensor 

w i l l  n o t  be exposed t o  the  des i red  aerodynamic cond i t ions .  The sensor 

b lade was mounted w i t h  the  sensor f a c i n g  down and a  p r o t e c t i v e  boot  was 

made f o r  t he  sensor t o  p r o t e c t  i t  from normal condensation du r ing  ground 

time, The e x c i t a t i o n  o s c i l l a t o r  was mounted i n s i d e  t h e  forward p o r t i o n  

o f  the a i r c r a f t  fuselage and t h e  c o n t r o l  panel w i t h  the  s igna l  c o n d i t i o n i n g  

e l e c t r o n i c s  was mounted i n  an ins t rument  rack a t  t h e  f l i g h t  e n g j n e e r t s  

s t a t i o n ,  



FIRST MOUNTING POSITION 

TEMPERATURE/REL AT IVE 
HUMIDITY BLADE 

SECCND MOUNTING POSITION 

FIG. 5. AIRCRAFT BLADE MOUNTING LOCATIONS 



V, SYSTEM CALIBRATION AriD TESTING 

A. Tes t i ng  Phi losoghy 

The t e s t i n g  and eva lua t i on  of t h i s  system were t o  c o n s i s t  o f  fodr  

p a r t s  : 

Manufac turer 's  Laboratory Tests 

Base1 i n e  Measurement a t  Local Laboratory 

Speed Dependency Test  

A1 t i  tude Dependency Test  

B. Manufacturer 's  Laboratory Tests 

The acceptance c a l i b r a t i o n  and t e s t i n g  a t  the  manufacturer 's  

f a c i l i t y  cons is ted  o f  having the  sensor i n s t a l l e d  i n  a temperature1 

humid i t y  c a l i b r a t i o n  chamber and moni tored by a w e t l d r y  psychrometer, 

bo th  f a b r i c a t e d  by the  sensor manufacturer and c e r t i f i e d  by the Nat iona l  

Bureau o f  Standards. The a i r c r a f t  system was c a l i b r a t e d  over  t he  proper  

range o f  temperature and humid i ty  and a f a m i l y  o f  curves were generated 

t o  r e l a t e  vo l tage o u t  vs. temperature and humidi ty .  These curves 

generated by the manufacturer a re  used f o r  a l l  data reduct ion .  

C. Base1 i n e  Measurement a t  Local  Laboratory 

The r e p e a t a b i l i t y  and l ong  term s t a b i l i t y  should be determined 

l o c a l l y  even when an absolute c a l i b r a t i o n  system i s  n o t  ava i l ab le .  

Th i s  base l ine  measurement permi ts  the  user  t o  have cont inued conf idence 

i n  the  manufacturer 's  da ta  by  determin ing the  sensor s t a b i l i t y .  A f t e r  

the  system was rece ived a t  ERL, a  l o c a l  humid i ty  and temperature cl~amber 

was used i n  an at tempt t o  develop a repeatable temperature and humid i t y  

baseline,  Because of the large s ize  and non-homogeneities i n  t he  chamber 

volume, t he  chamber humidity curve was n o t  repealable, a n d  t h e  chamber 

was abandoned i n  favo r  o f  o t h e r  methods, 



The adopted method employed t h e  use o f  sa tura ted  s a l t s  which, 

because o f  t h e i r  bas ic  physics, can be used f o r  l a b o r a t o r y  checks o f  

humid i ty  basel ines.  The ERL Inst rument  Laboratory used sodium 

carbonate, l i t h i u m  ch lo r i de ,  and calc ium c h l o r i d e  f o r  t h e  humid i t y  

references and a smal l  oven, moni tored w i t h  c a l i b r a t e d  thermometers, 

f o r  t he  temperature reference. 

D. Speed Dependence o f  the  A i r c r a f t  Blade as Tested on an A i r c r a f t  

It would be p r e f e r a b l e  t o  use a wind tunnel  o r  chamber t o  

dynamical ly  c a l  i b r a t e  an a i r c r a f t  b lade system, b u t  very few wind 

tunne ls  can independent ly  vary wind speed, temperature, and humidi ty ;  

there fore ,  i t  was decided t o  t e s t  t h e  system i n  an u n c o n t r o l l e d  b u t  

moni tored environment us ing  standard radiosonde measurements as a 

reference. The speed dependency t e s t  on the  f i r s t  a i r c r a f t  i n v o l v e d  

t e t h e r i n g  a ba l l oon  borne radiosonde a t  an a l t i t u d e  o f  107 meters 

(350 f e e t )  and f l y i n g  very  near  i t  a t  f o u r  d i f f e r e n t  airspeeds; 58, 

63, 67, and 72 m/s ( 1  30, 140, 150, and 160 mph). A comparison o f  the 

measurements would be made t o  determine i f  the  blade was speed dependent 

and, i f  so, what c o r r e c t i o n  f a c t o r s  were necessary. Th is  t e s t i n g  was 

accomplished a t  a radiosonde f a c i l i t y  u t i l i z i n g  standard r e c e i v i n g  

and data  reduc t i on  equipment. The radiosonde was mod i f i ed  t o  minimize 

the  e f f e c t  o f  h y g r i s t o r  s o l a r  hea t i ng  by s h i e l d i n g  the  h y g r i s t o r  duct  

cover  f rom d i r e c t  s u n l i g h t  and p r o v i d i n g  a heat s ink  f o r  t he  s h i e l d .  

I t  has been es tab l i shed  by Morr issey and Brousaides (1970) and Ostapof f  

e t  a9, (7970) t h a t  the  h y g r i s t o r  requ i red  addi t i o n a t  s o l a r  s h i e l d i n g  t o  

minimize the  radiosonde humid i ty  errors, The radiosonde had t o  be 

mod i f i ed  f u r t h e r  t o  pe rm i t  both temperature and humid i t y  t o  be measured 

a t  a constant  baromet r ic  pressure. A t e the red  radiosonde does n o t  



normally have the baroswi t ch  swi Lch i  ng between the humi d i  ty and Lempera- 

ture  sensors as in the case of a r is ing radiosonde. A remotely controlled 

system was instal led i n  the radiosonde so a ground operator could switch 

between these sensors and monitor e i ther  the a i r  temperature o r  humidity 

a t  wi l l .  

Results of the t e s t  indicate tha t  the temperature measured by the 

probe i s  not speed dependent b u t  the humidity measurement i s  t o  some 

detectable amount (see Table 2 ) .  The findings were tha t  the a i r c r a f t  reads 

higher than the radiosonde by 1.5% RH a t  58 m/s; 1.7% RH a t  63 m/s; 2.0% RH 

a t  67 m/s; and 2.4% RH a t  72 m/s (130, 140, 150, and 160 mph). The constant 

temperature o f f se t  (Ta - Tr) , as shown in A T  column, i s  apparently due to  

radiosonde inaccuracies and i s  discussed i n  a subsequent paragraph. 

The evaluation of the radiosonde and a i r c r a f t  data,  t e s t  parameters, 

reduction technique, e t c . ,  indicates tha t  the blade i s  not speed dependent 

between 58 m/s and 72 m/s (130 and 160 mph) fo r  the temperature measurement 

and less  than 3% RH for  the humidity measurement in a i r c r a f t  configuration #I .  

Data was taken as the a i r c r a f t  approached and departed the immediate vicini ty  

.of the radiosonde. This was necessary to  insure that  there were no large 

fluctuations in any of the data. 

E. Altitude Dependency Tests 

The purpose of the t e s t  was to  expose the a i r c r a f t  system to varying 

temperature and humidity environments over a range of a1 t i tudes.  The 

t e s t  environment was monitored by a freely ascending ball oon-borne 

radiosonde, The intent  was not to  use a radiosonde for  absolute c a l i -  

bration o f  an a i r c r a f t  temperature and humidity system, b u t  t o  use t he  

radiosonde f o r  the additional information i t  provides in interpret ing 

the a i r c r a f t  system data. 



TABLE 2 -- Aircraft Speed Dependency T e s t  w i t h  Tethered Radiosonde 

Temperature 

Humidity 

Velocity 

m/ s 

58 

6 3 

6 7 

72 

Radiosonde 

Tr (CO) 

24.0 

24.2 

24.5 

24.7 

A i r c r a f t  

T, (CO) 

25.6 

25.9 

26.2 

26.2 

A T  

Ta-Tr (CO) 

t1.6 

+1.7 

+1.7 

+1.5 



A radiosonde was prepared fo r  launch and b a l l a s t e i  so t ha t  the 

ascent r a t e  would be s l ~ w  enough tha t  the a i r c r a f t  could c i r c l e  the  

balloon and s t i l l  maintain a nominal airspeed used during routine 

remote sensing missions. Following a f r e e  f ly ing  radiosonde was 

the only way the probe could be exposed t o  a range of temperatures 

and humidities and have an acceptable external  monitor3. The 

maximum a1 t i t ude  the  a i r c r a f t  f l i e s  on E R L  missions i s  3048 meters 

(10,000 f t . )  so no balloon data were taken above t h i s  a l t i t ude .  I t  
- 

was planned f o r  the  a i r c r a f t  t o  follow a balloon t o  3048 meters (10,000 

f t . )  a l t i t u d e ,  return to  an a l t i t u d e  of 61 meters (200 f t . )  and 

immediately follow a second balloon fo r  comparison. These t e s t s  were 

performed on a cloudless day. The f i r s t  re lease  had too l i t t l e  b a l l a s t  

and a t  an approximate a1 t i t ude  of 2438 meters (8000 f t . )  the  a i r c r a f t  

could not maintain the  preferred speed and climb ra te .  This f i r s t  

balloon re lease  was not used fo r  analysis  because of the 4 m/s 

(1 3 f t / s e c )  ascent ra te .  The second re lease  was over-bal 1 asted 

and the  a i r c r a f t  ran out of instrument recorder tape before the 

desired 3048 meters (10,000 f t . )  a l t i t u d e  was reached. The t h i r d  

re lease  was ba l las ted  properly and the  a i r c r a f t  was able  t o  perform 

the t e s t  within a l l  the t e s t  parameters. The second release of 

1.5 m/s (5  f t / s e c )  ascent and the t h i r d  of 3.6 m/s (12 f t / s e c )  

were used f o r  data reduction and analysis .  

3 ~ e v e r a l  radiosondes were adjusted so t h a t  no two would be on 
exact ly  the  same frequency, b u t  s t i l l  i n  the 1680 KHz weather 
s e r v i c e  band, This was necessary so t h a t  i n  case of a f a i l u r e  
and the launch of another ba7 loon, the a i r c r a f t  could follow the 
second balloon without waiting f o r  the f i r s t  balloon t o  stop 
t ransmit t ing.  
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The temperature and humidity ordinate values Prom the free balloon 

radiosonde were reduced with a standard meteorological s l ide  rule Pram 

s t r i p  chart records provided by the r7adi osonde faci 1 i ty personnel. A 

table  for  standard atmosphere was used to  convert the radiosondes' 

barometric pressure readings to  a1 t i  tude. These a1 t i  tude readings 

and the a i r c r a f t ' s  a1 t i  tude, huniidi t y ,  and temperature measurements 

were plotted against the time they were recorded. The a i r c r a f t  and 

radiosonde data were correlated so that  a d i rec t  comparison could 

be made. 

As the data reduction progressed, the perturbations i n  radiosonde 

data became a more s ignif icant  factor .  Basically, the radiosonde i s  

"captured" by very small localized weather patterns which the 

a i r c ra f t  may not f l y  through even while in comfortable viewing 

distance from the bal loon. While t h i s  introduces differences, they 

are not necessarily errors .  The necessary "corrections" to  the 

non-tethered radiosonde data was determined to  be useless for  th i s  

a i r c r a f t  sensor evaluation and was abandoned as t e s t  data. 

F. Speed Dependence Test of the Aircraft  Blade as Tested i n  a Second 

and More Preferred Posi tion 

1. Approach 

The blade was ins ta l led  on a probe a t  the forward end of the 

fuselage. A second speed dependence t e s t  was performed, b u t  

without the use of a radiosonde (see Figure 6 ) .  

This approach had the a i r c r a f t  f l y  a t  an a l t i t ude  of 9 

meters (30 ft, ) over a private a i rpor t  runway a t  four  speeds; 

58, 62 ,  67, and 72 m/s ( 1  30, 940, 9 50 and 960 mph) . There were 





four passes a t  each speed. Four ground teams made temperature 

and humidity measurements in close proximity and upwind of the 

a i r c r a f t  f l i g h t  1 ine. The a i r c r a f t  crew verbally marked the 

temperature and humidity data tape when the a i r c r a f t  passed a 

predetermined landmark selected as the planned measurement point. 

Wind direction and strength were important factors  as a l l  of the 

ground teams were placed in a l i ne  upwind of the measurement 

point. The distance the ground teams were placed from the 

a i r c r a f t  measurement point was an on-the-field decision and 

depended on the wind velocity. These teams were positioned 

upwind because the ground level a i r  masses would be r is ing in a 

slanted l ine  downwind and a t  some angle, depending on wind 

velocity and te r ra in .  I f  there were very l i t t l e  wind, the a i r c ra f t  

would f l y  through an a i r  mass whose source of temperature was very 

close t o  the a i r c r a f t  measurement point. Consequently, the ground 

measurement teams would be closer together and close t o  the a i r c r a f t  

measurement point. I f  the wind speed were hiaher, the teams would be 

separated more, as the measurement point a i r  mass temperature source 

would be a t  a smaller angle to  the ground. Of course, i f  the wind 

were very gusty, the ground and near-ground a i r  mass would become 

very homogeneous and less  f a i th  could be placed in any decision 

t o  position the ground measurement crews upwind. 

The ground crew used s l ing  psychrometers and psychrons. A 

ser ies  o f  t e s t s  were performed to  deternine the  repeatabi l i ty  of 

these instruments prior to the speed dependency t e s t s ,  The repeat-  
+ a b i l i t y  of the s l ing psychrometer was within -4.1% RM er ror  while 
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C the psychron r e p e a t a b i l i t y  was w i t h i n  -0% RH. The s l i n g  psychrometer 

suspended i n  f r o n t  o f  a fan  y i e l d e d  %o% RH r e p e a t a b i l i t y .  So, 

w h i l e  t he  personnel us ing  these inst ruments were f a m i l i a r  w i t h  

the  ins t ruments '  ope ra t i on  (having used them on numerous o the r  

ERL ground t r u t h  exe rc i ses ) ,  the  f 1.1% RH v a r i a t i o n s  i n  t he  s l  i n g  

psychrometer readings can be a t t r i b u t e d  t o  i n d i v i d u a l  technique 

r a t h e r  than ins t rumenta t ion .  

2. Data A c q u i s i t i o n  
- 

The speed dependency t e s t  was performed on December 9, 1974 

a t  1:00 p.m. The a i r c r a f t  made long  approaches over  S t .  Louis  

Bay t o  be assured o f  reaching the measurement p o i n t  a t  t he  

proper  a1 t i  tude, d i r e c t i o n  , and speed. The ground crew repeated ly  

made measurements o f  temperature and humid i ty  b u t  recorded o n l y  

those corresponding t o  the  t ime t h e  a i r c r a f t  passed the  measure- 

ment po in t .  Th i s  pe rm i t t ed  the  ground crew t o  mon i to r  t he  

consis tency o f  t h e i r  measurements and repeat  any measurement 

t h a t  i n d i c a t e d  a  very s h o r t  term, r a d i c a l  change i n  temperature 

o r  humidi ty .  

3. Data Reduction 

The analog magnetic tape from the  a i r c r a f t  was reduced t o  

t a b u l a r  form and the  t ime  l i s t e d  on the  t a b u l a r  outputs was 

re ferenced t o  the  t ime the  a i r c r a f t  was over  the measurement 

po in t .  

4, l e s t  Resul ts  

Analysis o f  the data a t  each a i r c r a f t  speed i n d i c a t e s  t h a t  the 

sensor and probe, when mounted i n  the  p r e f e r r e d  l o c a t i o n ,  i s  n o t  



speed dependent (Table 3 ) .  The average of the  temperature 

measurements from the ground (TG ) i s  subtrac"ced from the  
a ve 

average a i r c r a f t  temperature measurement (TA t o  get  a 

difference.  This was done fo r  each a i r c r a f t  speed. The 

temperature differences measured are  within the  range of the  

sensors ' accuracies. 

In the case of the humidity measurements, the  same approach 

was taken t o  determine the  di f ferences  in ground and a i r c r a f t  

measurements. Again i t  i s  seen t ha t  the measurement by the  

nose probe i s  not speed dependent. I f  the humidity di f ference 

a t  an a i r c r a f t  speed of 58 m/s (130 mph) had been more negative 

than -.94, a trend would have been detected since the  di f ferences  

from 62 m/s (140 mph) t o  72 m/s (160 mph)  a re  a l l  becoming more 

posi t ive .  The individual humidity measurements which make up 

the  58 m/s (130 mph) average were reviewed t o  confirm t h a t  these 

measurements were cor rec t  and t h a t  the measurements were not 

a f fec ted  by speed var ia t ions .  

In summary, the  data ind ica te  t ha t  t h i s  a i r c r a f t  blade system 

i s  not  speed dependent i n  temperature and humidity between the  

a i r c r a f t  speeds of 58 and 72 m/s (130 and 160 mph)  when mounted 

on a probe on the forward nose portion of the a i r c r a f t .  

5. Test Measurements Error Analysis 

The a i r c r a f t  sensor outputs were analog recorded on magnetic 

tape and d ig i t i z ed  a t  90 samples per second within 0,8% accuracy, 

The var ia t ions  between 10 samples w i t h  cons t an t  i n p u t s  were no 

more than 20 MVDC on e i t h e r  parameter, and t h i s  20 MVDC var ia t ion 

corresponds t o  only .75% RH and .28"C. The a i r c r a f t  recording 



TABLE 3 -- Aircraft  Speed Dependency Test Over Ground S t a t i o n s  

Temperature 

Re la t i ve  Humidity 

- 

* 

TG Ave 
( c O )  

11.04 

10.86 

11.21 

11.13 

Speed 

M/ S 

5 8 

6 2 

67 

7 2 

A Ave 
( c O )  

11.01 

10.35 

10.56 

10.97 

A T 

T~ - TG 
( c O )  

- .04 

- -51 

- -65 

- .16 

r 
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system corltributed -10 MVDC t o  +20 MVDC variations t o  the 

overall a i  r c ra f t  recording system. This demonstrates the amount 

of variation from the internal sensor electronics and the a i r c r a f t  

data system. O f  the ground measurement devices, the psychron has 

'0.0% RH repeatabi 1 i ty e r ror  and the psychrometers have 1 1 Rh 

repeatabi 1 i ty  e r ror ;  therefore, the major source of e r ror  again 

i s  the ground measurement system - f i  r s t  the radiosonde hygri s tors  

and then the psychrometers. 

VI. CONCLUDING REMARKS 

The development of confidence in an airborne system s t a r t s  with 

the appraisal of the sensor 's  s t a t i c  calibration accuracy, then the 

system e lec t ronic ' s  s t a b i l i t y ,  and l a s t ,  the conversion of e lec t r ica l  

units t o  engineering units. The s t a t i c  calibration and speed dependency 

t e s t s  provide the greatest  source of confidence in an a i r c r a f t  system. 

Laboratory calibration of the temperature and humidity system i s  

possible and f i e l d  speed dependency test ing i s  pract ical .  

As shown in t h i s  exercise,  the repeatabi l i ty ,  the apparent lack of 

speed-dependent trends, and the demonstrated ruggedness of the temperature 

and re la t ive  humidity system indicate tha t  t h i s  system, properly mounted 

in an a i r c r a f t  and operating with a s table  recording system, will eas i ly  

perform to  the manufacturer's specifications and meets a nominal remote 

sensing a i r c r a f t  program needs. 
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TABLE 1 -- M a n u f a c k u ~ e r ~ s  S p e c i f i c a t i o n  
MOmJTED XlW 5: 'TY 

7r- T H U N D E R ,  ~ ~ A ~ p J ~ ~ ~ ~ ~  UD T E ~ E R ; I T L ? I E  

1 

The E-102-1 A i r c r a f t  Blade System 
p rov ides  t h e  c a p a b i l i t y  t o  monitrir, 
r eadou t  and r eco rd  humidity and 
tempera ture  on a i r c r a f t  o f  d i f f e r e n t  
types  wh i l e  f l y i n g  a t  v a r i o u s  a l t i -  
tudes.  The s y s  tern responds r a p i d l y ,  
f o r  t r a c k i n g  f l u c t u a t i n g  l e v e l s  o f  
r e l a t i v e  humidi ty wh i l e  f l y i n g  a t  
speeds of up t o  350 knots .  

The sys tem p rov ides  .a v i s u a l  ana log  
readout  0-5 VDC c a l i b r a t e d  f o r  0% 
RH t o  100% RH and 0 t o  122OF on f r o n t  
p a n e l  meters  w i t h i n  a  19" x 3'i" r ack  
panel .  I n  a d d i t i o n ,  two 0-5 VDC, 70 
ohm o u t p u t s  a r e  a v a i l a b l e  a t  t h e  r e a r  
of  t h e  c h a s s i s  f o r  d i r e c t  o r  magnetic 
t ape  record ing .  Add i t iona l  t e s t  j acks  
a r e  a v a i l a b l e  on the  f r o n t  pane l .  

SPECIFICATIONS - MODEL E-102-1 

D E V E L O P M E N T A L  S P E C I F I C A T I O N  

R e l a t i v e  Humidity 

MODEL E-182-1 

Sensor  Type: 
Mounting: 
RH Range: 
Guaranteed Accuracy : 
Temperature Range : 

Output:  
Power : 

Brady Array Model BR-101R. 
Blade c o n f i g u r a t i o n  f o r  wing and/or  f u s e l a g e  mounting. 
0% RH t o  lOOX J3H. 
B e t t e r  than 52% i n d i c a t e d  RH. 
-20°C t o  f70°C (broader  ranges a v a i l a b l e  a t  s l i g h t  
a d d i t i o n a l  c o s t  ) . 
0-5 VDC, c a l i b r a t e d  f o r  0% RH t o  100% RH. 
Standard  15  VDC a t  5 ma ( o t h e r  v o l t a g e s  a v a i l a b l e  
upon r e q u e s t )  . 

Temperature 

Sensor: Thermis tor  bead. 
Mounting: Within Brady Array enc losure .  
Etange : -20°C t o  +70°C (broader  ranges a v a i l a b l e  a t  s l i g h t  

a d d i t i o n a l  c o s t )  . 
Guaranteed Accuracy: + l ° F  s t a n d a r d  ( s p e c i a l  c a l i b r a t i o n  a v a i l a b l e  a t  - 

a d d i t i o n a l  e o s t ) ,  

Aseuracy: Better t han  +O. 1" F. 
Butpul; : &5 V D C  c a l i b r a t e d  to tennperature i n t o  78 ohm res i s t ive!&,  

623 WVOFdllMG, S.E. ALBUQUERQUE, NEW MEXICO 87123 IEL. (505) 265-8701 



BRADY ARRAY 
/ 

MATERIAL: . 
BLADE: ALUMINUM 76 

I 

; /' 1 MOUNTING 
BgJ- / E L  --.. -.. -- -7 -.-- --- 10-32 2 PLACES 

27/8 -------4 FRONT+ SACK 

THUNDER SCIENTIFIC CORK 

BLADE. FUSELAGE,WING,AND,OR POD MO IJNTlNG. 

BRADY ARRAY, HUMITY SENSOR I E l 0 2  



BRADY 

ARRAY 

MODEL BR 
I 

THE BRADY ARRAY IS A NEW TYPE OF SOLID STATE SENSOR RECENTLY DEVELOPED BY THUNDER SCIENTIFIC, 
INTENDED FOR PRECISE MEASUREMENT, ANALYSIS. OR CONTROL OF VARIOUS HUMIDITY ENVIRONMENTS AND FOR USE I N  
TEXTILES. DRUGS, FOOD PACKAGING AND PROCESSING. GROWTH CHAMBERS, MEDICAL AND ANY OTHER FIELDS RELATED 
TO THE ENVIRONMENTAL SCIENCES WHERE IT  IS DESIRED TO MEASURE,MAlNTAlN AND CONTROL OPTIMUM HUMIDITY OR 
MOISTURE CONDITIONS. 

THE BRADY ARRAY, MOUNTED AND SEALED WITHIN A TO-5 TRANSISTOR TYPE ENCLOSURE, PROVIDES THE OPTIMUM 
I N  SUBMINIATURE DESIGN FOR USE I N  MANY SPECIALIZED APPLICATIONS, INCLUDING THE CAPABILITY OF I.C. SOCKET 
MOUNTING, OR IF  DESIRED. DIRECT MOUNTING TO PRINTED CIRCUIT MODULES OR CARDS FOR MONITOR, CONTROL OR 
ALARM OF HUMIDITY CONDITIONS WITHIN ELECTRONIC ENCLOSURES, COMPUTER BAYS AND OTHER CRITICAL DEVICES 
AND ASSEMBLIES. 

SPECIAL PRESSURE OR VACUUM FITTINGS AND ASSEMBLIES CAN BE SUPPLIED BY THUNDER SCIENTIFIC FOR 
SPECIALIZED ASSEMBLIES. 

ELECTRICAL: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H U M I D I T Y  RANGE 5 5 %  R.H. TO 100')G R.H. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  GUARANTEED ACCURACY ?4% R.H. '  
TYPICALACCURACY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ? Z % R . H . O R B E T T E R  
RESOLUTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  BETT E R T H A N 0 . l C % R . H .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TEMPERATURE RANGE -20°c TO 70°c ' *  
EXCITATION VOLTAGE CALIBRATION . . . . . . . . . . . . . . . . . . . .  UNLESS SPECIFIED CALIBRATED AGAINST A TYPICAL 

LOAD OF 1 MEGOHM t t l l %  A T  5 VAC R M S  S I N E  WAVE 
PHYSICAL: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ENCLOSURE F I V E  P I N  OR EIGHT PIN TO-5 TYPE TRANSISTOR HEADER 
AND CAN, GOLD PLATED 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S I Z E .  . . . . . . . .  : 0.375" H I G H  X 0.370 DIAM.  
L E A D L E N G T H  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 " G O L D P L A T E D  
WEIGHT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.OGRAM 

Thunder Sccent~ftc Accepts N o  Responscb~l~ty  for  lnaccuracces Exrstcng cn anv Interface or E n d  Instrument Readour Other  Than an 
Interface or Asaoctated E n d  Instrument Suppiled for Use wrfh the Brsdy Array bv Thu?d6-r Sc~enzifrc 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE. 

623 WYOMING, S.E. 0 ALBUQUERQUE, NEW MEXICO 87123 CI 

PWrcE $100.00 
QUANTITY P R I C E S  A V A t  L A B L E  

UPON REQUEST 

TWX (910) 989-0610 
TEL. (505) 265-8701 

FIGURE 2 



T h e  "-R" o p t i o n  o f  t h e  b a s i c  BR-101 
B r a d y  A r r a y  i s  a  r u g g e d i z e d ,  l o w  p r o f i l e  
m o u n t i n g ,  o n  a TO-5 t y p e  t r a n s i s t o r  h e a d e r .  

I 

T h e  "-LT" o p t i o n  o f  t h e  b a s i c  BR-101 
B r a d y  A r r a y  c o n t a i n s  a  s p e c i a l  t h e r m i s t o r  
e l e m e n t  w h i c h ,  when u s e d  w i t h  t h e  "-LT" 
o p t i o n  o n  a s t a n d a r d  T S C  s i g n a l  c o n d i t i o n e r ,  
p r o v i d e s  a  l i n e a r i z e d  a n a l o g  s i g n a l  f o r  
t e m p e r a t u r e  r e a d o u t .  The  s t a n d a r d  t e m p e r -  
a t u r e  r a n g e  i s  -30°C t o  5 0 ° C .  ( O t h e r  r a n g e s  
a v a i l a b l e  o n  s p e c i a l  r e q u e s t . )  

NOTE: -R a n d  -LT o p t i o n s  may b e  c o m b i n e d  
i f  d e s i r e d .  

T h e  MM-101 m o u n t  p r o v i d e s  p r o t e c t i o n  
a g a i n s t  p a r t i c l e  i m p a c t ,  w a t e r  s p l a s h  e t c . ,  
f o r  t h e  BR-101R h u m i d i t y  s e n s o r  b y  p l a c i n g  
a n  8 m i c r o n ,  r e p l a c e a b l e  f i l t e r  b e t w e e n  t h e  
s e n s o r  a n d  t h e  o u t s i d e  e n v i r o n m e n t .  T h e  
MM-101 a t t a c h e s  d i r e c t l y  o n  t o  a  s t a n d a r d  
C - 3 A  o r  C-3B e n v i r o n m e n t a l i z e d  c a b l e .  



I 23 1 EXCITATlOh 
I 
1 OSCILLATOR 

TI3UUNBER S@~(:ENTIPI@';  1 
MODEL E0113-1 

THE €0113-1 EXCITATION OSCILLATOR IS ONE OF A CONTINUING SERIES OF DEVICES DESIGNED BY THUNDER 
SCIENTIFIC TO PROVIDE SUPERIOR PERFORMANCE AND OPERATING FLEXIBILITY WlTH BRADY ARRAY HUMIDITY SENSOR 
SYSTEMS, OR OTHER SIMILAR SYSTEMS REQUIREMENTS WHERE A SOURCE OF EXCITATION MAY BE REQUIRED. 

HIGH RELIABILITY IS ACHIEVED WlTH A L L  SOLID-STATE POTTED CONSTRUCTION AND DENSE PACKAGING 
AFFORDING OPTIMUM CONSERVATION OF VOLUME WHERE SPACE IS A T  A PREMIUM. 

QUOTATIONS UPON €0113-1 MODULES I N  FREQUENCY RANGES OTHER THAN SPECIFIED ARE AVAILABLE.  

SPECIFICATION MODEL €0113-1 
ELECTRICAL: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  OUTPUT 5VRMSSlNEWAVE 
FREQUENCY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l O O O H z  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TEMPERATURE RANGE OOC TO 75OC 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  POWERREQUIREMENT 15VDC@3m.a .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CONNECTOR PIGTAIL OR P.C. PINS. SPECIFY. 

E . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  POTTE 

PRICES AND SPECIFICA PlONS SUBJECT 7-0 CHANGE WTHOYT NOTICE 

623 WYOMING, S.E. ALBUQUERQUE, NEW MEXICO 87123 

FIGURE 3 

SINGLE CHANNEL $103.00 
MULTIPLE CHANNELS 200.00 

QUANTITY P R I C E S  A V A I L A B L E  
UPON REQUEST 

TEL. (505) 265-8701 



TRANSISTOR 
-p r -  I F I T H U N D E R  S C I u  DElqODULATOIC 

THE SSTD-1 IS ANOTHER PRECISION MODULE OFFERED BY THUNDER SCIENTIFIC CORPORATION SPECIFICALLY FOR 
USE WlTH THE BRADY ARRAY HUMIDITY SENSOR. THE MODULAR CONSTRUCTION AND SOLID-STATE DESIGN OF THESE 
DEMODULATORS PROVIDE A HlGH DEGREE OF FLEXIBILITY AND RELIABILITY WlTH SIGNIFICANT IMPROVEMENT EVIDENT 
OVER GERMANIUM AND SILICON DIODE DEMODULATORS. 

UNIQUE TRANSISTORIZED CIRCUITRY VIRTUALLY ELIMINATES TEMPERATURE INSTABILITY AND VOLTAGE 
THRESHOLD PROBLEMS, RESULTING IN HIGHLY RELIABLE TRACKING OF AC INPUT TO DC OUTPUT SIGNALS. 

I T  SHOULD BE NOTED THAT A FLOATING OUTPUT IS PROVIDED, AS WELL AS A HlGH INPUT IMPEDANCE FOR MAXIMUM 
APPLICATION VERSATILITY. 

SPECIAL ORDER MODIFICATIONS ARE ALSO AVAILABLE TO PROVIDE OTHER OUTPUT COMBINATIONS. FOR DETAILS, 
CONTACT THUNDER SCIENTIFIC. 

SPECIFICATIONS MODEL SSTD-1 
ELECTRICAL: 

INPUTINPEDANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100MEGOHMS 
OUTPUTRESISTANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  000OHMS 
LOAD RESISTANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 MEGOHM OR GREATER 
INPUTSIGNAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O T O 5 V R M S @ l  K H z  
OUTPUT SIGNAL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 TO 5 VOLTS DC OR GREATER. ISOLATED. POSITIVE 

OR NEGATIVE DC. 
TEMPERATURE RANGE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O°C TO 75OC 
CONNECTOR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  PIGTAIL OR P.C. PINS. SPECIFY. 

PHYSICAL: 

ENCLOSURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  POTTEDMODULE 
SIZE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.25" x 2.80" x 0.750" 
WEIGHT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 f f G R A M S  

PRICES AND SPEClFlCA T10NS SUB./ECT 7-0 CHANGE WITHOUT NOTICE 
P R I C E  510000 

QUAI\:TITY PRICES A V A i t  AP" F 

UPON R E Q l J i S T  

623 WYOMING, S.E. 0 ALBUOUEROUE, NEW MEXICO 87123 U TEL. (505)  265-8701 

FIGURE 4 


